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Abstract 
This paper reviews the use of a large group process for engaging the public on energy sources and technologies 
with a low emission profile. Specifically reported in this paper is how the large group process supports exploring 
Australian society’s acceptance of energy technologies by examining the effectiveness of the process for informing 
knowledge and changing attitudes towards low emission energy technologies. Carbon dioxide capture and storage 
(CCS) is given further attention in the paper because, as a relatively unknown technology with perceived risks, it is 
useful to examine the effects of information provision on the way the technology is perceived. Given the large group 
process has proven to be a successful method for accessing and informing larger numbers of stakeholders, it is one 
recommended to policy makers and other researchers with an interest in low emission energy technologies  
 
Keywords: Type your keywords here, separated by semicolons ;  
1. Introduction 
Increasingly, policy makers and researchers are acknowledging that successful climate change mitigation requires 
a major shift towards energy sources and technologies with a low emission profile. Achieving this suite of low 
emission technologies is contingent on many considerations including economic, geographical, political, technical 
and social. This paper focuses on the social considerations by presenting the results of recent Australian research 
examining public attitudes to low emission energy technologies. Significant amongst them is the concept of carbon 
dioxide capture and storage (CCS), a relatively unknown technology, with the potential to mitigate large amounts of 
CO2. 
The research had two main aims: to explore Australian society’s acceptance of energy technologies; and to assess 
the effectiveness of dialogue with large groups for informing knowledge and changing attitudes of low emission 
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energy technologies.  To achieve these aims two workshops with large groups (up to 100 people) of the general 
public were undertaken. One was conducted in Brisbane, Queensland and the other in Melbourne, Victoria, early in 
2008. 
This paper reviews the theory and practice of risk communication and cognitive dissonance in informing and 
changing attitudes. These frameworks guided the design of the group dialogue workshops and the methodology that 
emerged is then described. Results are presented and used to analyse the social acceptance of different technologies 
identified from quantitative measures of knowledge and attitudes; and the effectiveness of the large group 
workshops evidenced from changes in quantitative measures of knowledge, attitude and priorities taken before and 
after the process. The findings have implications for practitioners and researchers that are engaged with social risk 
challenges in the domain of climate change, in particular those seeking proactive, non-resource intensive ways of 
informing large groups of stakeholders around relatively unknown technologies such as CCS.  
2. Design principles and theoretical underpinnings  
The aims of the research called for dialogue with the Australian public regarding their perceptions of new energy 
technologies. An additional requirement was to investigate the effects of information and the group process on 
changing individual attitudes. An interactive workshop process was anticipated from the beginning.  However, the 
research called on insights from various dimensions of social research to inform the detailed process design.  
The risk communication literature suggests that people can accept risks if there are tangible benefits associated 
with them and if they can have some control over the risks [3, 4]. However, in the absence of “trustworthy, 
comprehensible information about the risks” [5] individuals are helpless to respond or make decisions. Therefore, in 
this research, attention was paid to the development of information to ensure: its objectivity – using multiple sources 
with diverse interests in energy; that it was easy to understand – peer reviewed then pilot tested with lay citizens; 
and incorporated both the benefits and barriers for each of the technological options – to enable participants to make 
their own assessments of the technologies. 
Although attitudes are believed to be stable across time and context they are open to change [6]. Researchers 
have identified a number of motives which may prompt an individual to change their attitude. These include 
normative issues such as preservation of self concept and social adaptation [7-9]. These conditions are most often 
brought about when accurate information is presented which challenges the individual’s current thinking creating 
internal dissonance.   
Cognitive dissonance theory [10] asserts cognitive inconsistency leads to a state of dissonance which arouses 
negative emotions. This in turn creates motivation to resolve the dissonance by a change of attitudes or behaviours, 
or altering the relative importance of dissonant cognitions. The greater the dissonance the more likely change will 
result [10, 11]. Discussion groups promote a stronger cognitive effort in comparison to individual thinking and are 
more likely to bring about attitude change[11]. This is especially true when processing of the message leads to 
predominantly favorable thoughts [15], for example, the resolution of a problem or greater understanding of an 
issue.  The research design, specifically incorporated time for small and large group discussion to create 
opportunities for dissonance. This research was particularly interested in examining the effects the process had on 
individual knowledge and attitudes, hypothesizing that those with strongly formed attitudes and beliefs would be 
less likely to change. 
Furthermore, the research was prompted by more pragmatic concerns about accessing a sizeable cross section of 
the Australian public. Earlier research identified small group processes as effective for engaging the public on 
climate change and low emission technologies to bring about knowledge and attitude changes [19, 20]. However, 
the process is resource intensive, typically engaging in the order of 10 - 15 participants. The natural progression was 
to investigate if the number of participants in one group could be significantly increased, while still positively 
informing the participants’ knowledge and attitudes of energy technologies. 
3. Methodology  
3.1. Recruitment 
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Participants for each large group process were identified from a direct marketing list of over 2.1 million 
Australians. Within this list a random sample was drawn from the individuals that were 18 years or older and lived 
within a 200 km radius of each city’s CBD. In total, 6100 Brisbane residents and 5358 Melbourne residents were 
emailed invitations to participate.  The invitation included a direct link to a webpage where invitees could register 
for the event. The first workshop in Brisbane mentioned that the topic was climate change and energy. However, it 
was felt this group was somewhat biased because they already had a strong interest in the topic. Therefore the 
Melbourne recruitment process was less direct and described the workshop topic simply as one of national 
significance.  
Overall, 146 people registered interest in attending the Brisbane workshop and 159 registered for the Melbourne 
workshop. On further screening of the submissions, duplicates and incomplete entries meant the pool of applicants 
was reduced to 134 and 157 respectively. In the first instance 101 invitations for Brisbane and 120 invitations for 
Melbourne were issued. Because of a lack of confirmations, additional invitations were sent to the rest of the pool. 
Prior to the workshop 86 Brisbane and 70 Melbourne confirmations were received. However, with a number of no 
shows the final workshop numbers were 60 for Brisbane and 47 for Melbourne.  
3.2. Process 
A “lead facilitator” was recruited to oversee the day’s functioning to ensure it ran smoothly and kept to time. 
Additional facilitators were organised to “host” each table of participants (6 – 8 people per table).  These table 
facilitators were considered an essential component for enhancing each small group’s functioning by encouraging 
introductions, the discussions and attending to group process. Facilitators were provided with a list of prompt 
questions for all of the sessions and briefed on expectations prior to the workshop.  
On the day, workshop participants were assigned to different tables based on their age and gender to allow them 
to be exposed to a variety of views.  At the beginning of each workshop, time was allowed for the “lead facilitator” 
to set the context of the workshop and the focus for the day. After this participants, who were seated at round tables 
to maximise interaction, were allowed time for introductions within each of their small groups, led by their table 
facilitator. Prior to any information being presented participants then completed a questionnaire to assess their self 
rated knowledge and attitudes and collect the necessary demographic data. After this, table facilitators led small 
group discussions within their group around participants’ awareness of climate change and energy technologies.   
On completion of this discussion an international expert in the field of climate change and energy technologies 
presented part one of the information session on climate change and energy. The information presented by the expert 
was developed for the earlier small group process, using an advisory group of representatives of diverse stakeholder 
groups. The diversity of the group, with a range of opinions about the technological solutions for climate mitigation, 
ensured the material presented was objective and not biased to any one solution. After a time for questions and 
morning tea, the expert presented part two which focused on the portfolio of options for climate change mitigation. 
For each of the technologies the identified benefits and barriers were presented to the group. Risk communication 
literature suggests that participants need this information when making their personal assessments of the 
technologies. 
After lunch, approximately an hour and a half was allowed for small group deliberation on the information 
presented. Participants were asked to share their reactions to the information, their concerns and preferences for 
energy options, and also to identify what further information they felt was needed. It was felt this process would 
create the necessary conditions for cognitive dissonance. Each group was given the opportunity to seek further 
information from the expert by raising a question flag to show they needed more information. This one on one 
opportunity provided further opportunity for individuals to reflect on what they had heard and have their 
assumptions challenged by the expert. 
During an extended afternoon break, facilitators convened and fed back the main findings from individual tables. 
The lead facilitator coordinated this information into a number of key messages which were then shared with the 
large group for clarification and endorsement in the final session. Once key messages were agreed, time was spent 
reflecting on the learning that had taken place over the day and then to close participants were asked to complete a 
stage two questionnaire so that any shifts in knowledge and attitudes could be captured. 
3.3. Data collection and analysis 
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The quantitative and qualitative structure and measures used in the large workshops were based on the small 
group process [19, 20]. Quantitative data was collected using questionnaires which participants completed at the 
beginning and end of the process. In addition to the measures identifying demographics and environmental values, 
behaviours and beliefs, measures were used to identify the social acceptance of the technologies and secondly to 
identify if the process was effective. That is, were there any notable changes in the measures before and after the 
workshop. Specifically three types of measures were collected that indicated social acceptance: 1) attitudes toward 
the technologies, 2) self-rated knowledge of the technologies and 3) attitudes toward the funding priority of the 
technologies.  
In each instance responses to eleven technologies were assessed: biofuels, carbon dioxide capture and storage 
(CCS), coal, geothermal, hydro-electricity, natural gas, nuclear, oil, solar, wave/tidal and wind. Attitudes toward the 
technologies were captured by asking “How strongly do you support the use of the following?” Responses were 
recorded on a seven-point Likert scale of 1-strongly disagree, 4-unsure and 7-strongly agree. Self-rated knowledge 
was measured by asking “How would you rate your knowledge of the following?” on a seven-point Likert scale of 
1-no knowledge, 4-moderate knowledge and 7-high knowledge. Attitudes toward the funding priority of the 
technologies were measured by asking participants to “rank the following energy sources and related technologies in 
the priority order that you would use to allocate public funds toward their development and implementation?” 
Participants’ recorded their highest priority as 1 through to 11 for their lowest priority.  
The quantitative measures of social acceptance: attitude, knowledge and priority are described by reporting 
descriptive statistics, namely mean scores and standard deviation. While, the effectiveness of the process was 
assessed primarily using the change in means of the measures of attitudes toward the technologies, knowledge of the 
technologies and the funding priorities of the technologies. T-tests (p < .05) were used to identify if the changes in 
responses were significant.  
As the major emphasis of this research was to promote dialogue and engagement through a large group process 
qualitative data was important, particularly in addressing the first research aim of identifying the social acceptance 
of the technologies, by providing an opportunity for deeper understanding of the participants’ acceptance. The audio 
taped table conversations were transcribed at verbatim and analyzed in two ways. Firstly, thematic analyses 
identified key themes, which encompass the range of ideas, attitudes and beliefs. Secondly, content analysis was 
employed to identify the key concepts in the data.  
4. Results and discussion 
4.1. Demographic and environmental profile of participants 
Initially quantitative measures of the participants’ demographic characteristics and environmental values, beliefs 
and behaviors were measured, to ensure the participants could be described both in terms of their socio-economic 
status and their environmental concern. In both workshops there was an almost equal representation of the sexes. 
The mean age category of each workshop was 40, with ages ranging between 18-69 years in Brisbane (B) while the 
age range of Melbourne (M) participants was between 18 and 72 years. Thus, the workshop participants were 
reasonably representative of the populations within the two States although participants were slightly younger than 
the population on average, and in Melbourne there were marginally less elderly females (ABS 2006).  
Overall, the Brisbane participants were slightly more educated than the Melbourne participants. However, in both 
groups the majority of participants (71% B; 60% M) reported a tertiary level education with 27% of those in 
Brisbane having a postgraduate degree and 15% in Melbourne. In Brisbane 15% reported to have achieved a 
secondary education compared to 32% in Melbourne. An additional 14% in Brisbane reported having a trade 
certificate, compared with 6% in Melbourne.   
4.2. Knowledge of and attitudes towards  energy technologies 
Table 1 illustrates that solar power was the energy technology that participants reported highest mean knowledge 
about (4.8 B, 4.5 M). Technologies where individuals reported a low mean knowledge (< 4) in both workshops 
included CCS, geothermal, nuclear and wave/tidal. These four technologies are currently not used for electricity 
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generation in Australia and might explain why participants are less familiar with them. In the Melbourne workshop 
the mean levels of knowledge for biofuels and hydro electricity was also reported as low. Given the variance in the 
recruitment process where the topic of climate change and energy technology was identified for Brisbane, this 
difference may be explained by Melbourne participants having less familiarity with energy technologies and lower 
active interest in the topic. 
 
Table 1: Knowledge of and attitudes towards energy technologies 
 
 Knowledge Attitude 
 Brisbane Melbourne Brisbane Melbourne 
 Before After Before After Before After Before After 
Technology M SD M SD M SD M SD M SD M SD M SD M SD 
Wind 4.2 1.5 5.1 1.2 4.2 1.3 5.3 0.9 6.2 1.0 6.3 0.9 6.1 1.2 6.3 0.8 
CCS 3.1 1.6 4.4 1.3 2.6 1.6 5.1 0.9 4.2 1.5 4.5 1.6 4.2 1.2 5.0 1.3 
Nuclear 3.9 1.5 4.6 1.3 3.6 1.5 4.8 1.1 3.0 2.1 2.9 2.0 3.1 2.0 3.8 1.9 
Hydro-electricity 4.2 1.5 4.9 1.3 4.1 1.5 5.1 0.7 5.4 1.6 5.2 1.4 5.0 1.4 5.3 1.1 
Coal 4.3 1.3 5.0 1.2 4.1 1.4 5.5 0.9 2.9 1.5 3.3 1.6 3.3 1.4 3.8 1.7 
Natural Gas 4.1 1.5 4.8 1.2 3.9 1.4 5.4 0.9 4.7 1.4 4.8 1.4 5.0 1.4 5.0 1.6 
Geothermal 3.4 1.7 4.6 1.1 3.1 1.6 4.9 0.9 5.4 1.4 5.5 1.3 5.1 1.5 5.1 1.5 
Solar 4.8 1.4 5.4 1.3 4.5 1.3 5.6 0.8 6.5 0.8 6.6 1.0 6.6 0.7 6.7 0.5 
Biofuels 4.2 1.8 5.0 1.2 3.3 1.7 4.7 0.9 5.0 1.5 5.0 1.4 4.4 1.2 4.9 1.4 
Oil 4.2 1.4 4.8 1.2 4.2 1.4 5.3 1.1 3.3 1.4 3.2 1.5 3.4 1.5 3.4 1.4 
Wave/Tidal 3.6 1.7 4.5 1.2 3.4 1.5 4.7 1.1 5.8 1.1 5.7 1.3 5.3 1.4 5.6 1.3 
1: Knowledge was measured as (1) no knowledge, (4) moderate knowledge, (7) high knowledge.   
2: Attitude was measured as (1) strongly disagree, (4) unsure, (7) strongly agree 
Paired t-test (p<0.05) identified significant changes and are marked in bold 
4.2.1. Carbon dioxide capture and storage 
As expected, CCS elicited the highest levels of uncertainty (48% B, 60% M) at the start of the workshop 
however, this decreased to 32% B, 15% M at the end. The workshop resulted in a large increase in those agreeing 
with the technology, with more than half the participants (51% B, 72% M) expressing some level of support for 
CCS, up from 31% B, 21% M at the beginning of the workshop. Overall, in Melbourne the mean level of support for 
CCS was significant (p<0.05) compared with other technologies. 
In each of the table discussions that occurred immediately after the two presentations, of all the technologies, 
participants mostly focused their initial reactions on CCS. Initially, participants’ responses highlighted practical 
concerns about CCS and they appeared to be seeking reassurance about the benefits of the technology. For example, 
is it safe? Will it leak? How long will it stay there? How much will it cost? There was also some skepticism 
expressed that CCS was being supported because of Australia’s large investment and reliance on coal. This was 
particularly evidenced in the Brisbane table discussions, where participants held stronger views about the 
environment and energy technologies. For example, “Is CCS the solution, a quick fix or a problem in the making? 
We need more information around it”.  
During the deliberation session of the workshop the issues and concerns for this technology were elaborated on in 
more detail. These are best reflected in the sample quotes below: 
• Have any studies been done on ways to use CO2 emissions for practical uses thereby creating a recycling effect 
rather than just bury it?  
• We need to know more about it before widespread application - Is it safe? What are the long-term effects? Is it a 
cover-up operation – will it give companies that invest in this technology the appearance of looking green 
without actually doing anything? 
P. Ashworth et al. / Energy Procedia 1 (2009) 4765–4773 4769
6 Author name / Energy Procedia 00 (2008) 000–000 
• CCS is not an answer but can be a bridge for other technologies. I thought it was bad but now I have changed my 
opinion. 
• What is payback period for building CO2 sequestration, brings jobs and progress but how many emissions?  
• CCS is a pipedream; there is not concrete evidence of it working 
• How far down the track is carbon sequestration? How soon can we implement? How long can we use the special 
sequestration spots? 
4.2.2. Key themes arising from deliberation  
Analysis of the transcripts and facilitators notes identified a number of key themes common to all table 
deliberations. The themes that were most often discussed included the need to identify a path to action to address 
climate change and the need for leadership from government, particularly their use of regulations, incentives and tax 
breaks to bring about change. The next most prevalent theme was the need for more education and information 
about climate change and energy technologies. Concerns and benefits of various technologies featured frequently in 
the table discussions, as well as recognition of the need for individual action to become a part of the solution. There 
were several references to the workshop content, mostly with suggestions for further information participants would 
like to receive. Table discussions also recognised climate change as a global problem requiring a united solution 
across countries that paid due consideration to the rights of developing countries. Less often featured but still 
common to most tables’ was the themes: the role of industry as part of the solution; the social costs of more 
expensive technologies and the need to compensate low socio economic families; skepticism about the issue of 
climate change and some technologies presented; and the media’s role in informing the debate. 
4.3. Assessing the effectiveness of the large group process 
4.3.1. Changes in knowledge and attitude 
Effectiveness of the workshop was identified by changes in knowledge and attitudes of participants. Table 1 
shows that overall, participants’ self-rated knowledge of energy technologies was significantly (p<0.05) improved 
by participation in the workshop. The largest change in the mean knowledge was for CCS (t=1.2 B, p<0.05; t=2.5 
M, p<0.05). For each of the technologies, Melbourne participants showed a greater increase in their knowledge of 
energy technologies. This could be expected given that Melbourne participants were recruited not knowing the 
discussion topic prior to the day and therefore had less knowledge and opinions about each of the technologies. 
The largest positive change in attitude was for CCS in Melbourne (t=0.8, p<0.05) and biofuels (t=0.5, p<0.05) 
(Table 1). The change in attitude towards nuclear (t=-0.7) was significant (p<0.05) however this was a negative 
change, that is participants indicated less support.  In Brisbane the largest positive change in attitude was for CCS 
(t=0.3) and coal (t=0.3), while a slightly (t=-0.1) negative change in support was seen for hydro-electricity, oil and 
wave/tidal, however none of the changes in attitude in Brisbane were significant at p<0.05.which appears to relate to 
their stronger and more fixed opinions. 
4.3.2. Changes in attitudes toward the funding priority of the technologies 
Participants were also asked to rank the range of technologies in order of priority if they were to allocate public 
funds to their development and/or implementation. In this exercise, 1 indicated highest priority and 11 indicated 
lowest priority; therefore a low score on the table can be interpreted as higher support (Table 2). Highest mean 
priority, both before and after the workshop, was accorded to funding renewable energies in the form of solar and 
wind. Solar power attracted by far the greatest support for funding, with 58% B, 62% M of participants at the 
beginning and 66% B, 55% M at the end of the workshop. More than three-quarters of participants (85% B, 81% M) 
rated solar in their top three funding priorities.   
 
Table 2: Changes in participants preferences for allocating funds to energy technologies 
 
 Brisbane Melbourne  
 Before After Before After  
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Technology M SD M SD M SD M SD Technology 
Solar 2.1 1.8 1.9 1.7 1.9 1.9 2.1 1.8 Solar 
Wind 3.1 1.8 3.3 2.2 2.6 1.7 2.7 1.3 Wind 
Wave/tidal 4.3 2.1 4.7 2.1 4.4 2.5 5.3 2.9 Wave/tidal 
Geothermal 4.9 2.6 5.2 2.6 6.1 2.5 6.7 2.5 Geothermal 
Hydro-electricity 5.2 2.4 5.3 2.3 5.5 2.3 5.6 2.7 Hydro-electricity 
Biofuels 6.2 2.2 5.5 2.3 7.0 2.1 6.4 2.2 Biofuels 
Natural Gas 6.5 2.0 6.0 2.0 5.6 2.2 6.1 2.6 Natural Gas 
CCS 6.7 2.3 7.0 2.6 7.1 2.5 5.7 2.4 CCS 
Coal 8.8 2.3 8.7 2.5 8.6 2.1 8.4 2.4 Coal 
Nuclear 8.8 3.2 9.1 2.5 8.5 2.8 8.2 3.2 Nuclear 
Oil 9.2 1.7 9.1 1.9 8.8 2.2 8.8 2.3 Oil 
1: Energy source preference priority measured from (1) highest priority to (11) lowest priority  
Significant changes (p<.05) are marked in bold 
 
Coal, nuclear and oil vied for position as the least preferred energy source or technology. Carbon dioxide capture 
and storage as a technology was the next least preferred technology at the beginning of the workshop. This can 
partly be attributed to the low levels of knowledge that participants self reported about the technology. However, it 
is interesting to note that over the course of the workshop, people in Melbourne showed an increased preference (t= 
-1.4) for CCS while the Brisbane group’s preference decreased (t=0.3). Given the Brisbane group’s pre-workshop 
attitudes towards CCS were more positive, perhaps because of the recruitment process, this finding may indicate that 
attitudes are not easily changed in individuals with strongly held views about climate change and energy 
technologies. However, this hypothesis will need further investigation because of the relatively small sample 
involved. 
4.4. Future research and limitations 
To further investigate Australian society’s acceptance of energy technologies and the effectiveness of the large 
group process in informing those attitudes, the researchers plan to test more predictive models of attitudes and 
knowledge change, along with identifying if the respondents align into cluster based on their response patterns. 
These tests will take into account demographic features, indicators of environmental concern such as values, beliefs 
and behaviour, pre-existing knowledge and attitudes and behavioural intentions to change.  
There is also a need to follow up and identify if any changes in knowledge or attitude were stable over time.  This 
will allow some longitudinal comparisons to be made. The researchers intend to conduct a number of interviews and 
issue a follow up questionnaire to participants they can access to make these comparisons. 
A limitation of this research is that to date the recruitment sample have come from only those registered with a 
social research participants database. The researchers are investigating the possibility of advertising in the local 
newspaper as a way of capturing a wider range of the general population. Population sampling is also a limitation of 
the research as it is difficult to draw generalizations from such small numbers. Further large group processes are 
planned and there is the potential to merge all of the workshop responses to investigate the causal relationships with 
a larger sample size. 
5. Conclusions  
This research demonstrates the carefully designed large group process used in this research, can be effective in 
informing individuals’ knowledge and attitudes towards low emission technologies. However, the effectiveness in 
bringing about changes in attitudes will be influenced by an individual’s strength of existing attitudes about the 
technology and whether they are exposed to information that will create dissonance with their current attitudes. 
Important features to provide the opportunity for dissonance include the quality and objectiveness of the 
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information, the use of a trusted and knowledgeable expert as the messenger, use of facilitators to build the group 
identity and keep the discussion focused, and ensuring adequate time for discussion and deliberation. 
As expected it appears that most individuals have low levels of knowledge about technologies that are not 
currently deployed in their communities. This was particularly evidenced when knowledge and attitudes towards 
carbon dioxide capture and storage were explored. A number of risks were identified in the discussions and 
participants were actively seeking more information to allay their concerns within the group discussions. 
The richness of the information gained from this deliberative process is extremely valuable to policy makers and 
research developers and gives credibility to the research for participants. The researchers found participants had a 
keen interest in participating in the research knowing their messages would be delivered to the highest levels of 
government within Australia.  Within these workshops recurring themes included the need for an identified path of 
action, strong leadership from government and the need for education and information on the range of low emission 
technologies available. 
On a practical note, because the number of no shows was consistent on both days of the workshops, the 
researchers are now intending to have over 25% additional participants confirmed for their next workshop as it is 
anticipate that at least 25% of confirmed participants will be unable to attend on the final day. The researchers also 
found that venue can severely impact on the overall costs – and so in Australia it is cheaper to hire university 
facilities, which have access to parking and catering, than it is to conduct the workshop in more formal hotel 
convention facilities. 
If governments and research developers are truly committed to the successful implementation of low emission 
technologies, including CCS there is a need to make a concerted effort to begin the dialogue process. The large 
group process trialed in this research offers one possible method that can access larger numbers of stakeholders in a 
non-resource intensive way and that still provide rich insights into the societal acceptance of the technologies being 
proposed. 
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